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Abstract
Background: There is a need for more evidence linking particular housing improvements to changes in specific health
conditions. Research often looks at generic works over short periods.
Methods: We use a longitudinal sample (n = 1933) with a survey interval of 2–5 years. Multivariate logistic regression is
used to calculate the odds ratios of developing or recovering from six health conditions according to receipt of four
types of housing improvements.
Results: Receipt of fabric works was associated with higher likelihood of recovery from mental health problems and
circulatory conditions. Receipt of central heating was also associated with higher likelihood of recovery form circulatory
conditions. No evidence was found for the preventative effects of housing improvements.
Conclusions: Health gain from housing improvements appears most likely when targeted at those in greatest health
need. The health impacts of area-wide, non-targeted housing improvements are less clear in our study.
Keywords: Housing improvements, Health conditions, Deprived areas, Glasgow UK
Background
This paper examines the direct pathway between housing
improvements and health conditions in Glasgow, UK, a
city with a history of poor public health [1]. While there is
a long history of association of housing conditions and
health [2, 3] the evidence linking housing improvements
with health outcomes is more sparse. Furthermore, while
some studies have evaluated housing or area renewal pro-
grammes as a whole, there is less evidence for understand-
ing the effects of specific housing improvements on
particular health conditions. Some evidence suggests that
in order to achieve positive health outcomes housing im-
provements are best directed towards those with poor
health [4, 5], but it is also worthwhile exploring whether
housing improvements can prevent the onset of certain
health conditions amongst a relatively deprived population
at greater risk of poor health.
The GoWell study, which we report on here, explores
the impacts of investment in housing, regeneration and
neighbourhood renewal on the health and wellbeing of
individuals, families and communities in deprived areas
alongside a ten year programme of investment in its
housing stock by the largest social landlord in the city,
Glasgow Housing Association (GHA): around 45,000
properties were to be improved from 2003–2015. Against
a backdrop of continued high relative mortality rates in
the city [1, 6–8] and rising morbidity in our study popula-
tion [9], we investigate whether improvements in housing
conditions can prevent or cure a number of health condi-
tions commonly associated with poor housing quality.
We have previously examined changes in general phys-
ical and mental health outcomes related to housing im-
provements using the SF-12 component scores and found
positive associations between fabric works and physical
and mental health, and between new kitchens and bath-
rooms and new front doors with mental health, but nega-
tive associations between central heating and mental
health [10]. Here, the purpose is to explore the effects of
housing improvements on specific self-reported health
conditions which we expect to be affected by relevant
aspects of housing quality. In the recent Cochrane re-
view [4] studies were categorised into warmth and* Correspondence: ade.kearns@glasgow.ac.uk
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energy efficiency improvements or retrofitting and neigh-
bourhood renewal [4]. Here we study specific housing
interventions as part of a wider retrofitting and neigh-
bourhood renewal programme. We investigate four par-
ticular housing improvements based on availability of data
from GHA: fabric works; new kitchens, bathrooms & re-
wiring; new front doors; and provision of central heating.
The content of these works is described in Table 2.
The majority of available evidence on the effects of
housing improvements relates to respiratory health condi-
tions and is sparse in relation to other health conditions.
Previous studies have found significant effects when hous-
ing interventions are targeted at those with pre-existing
health conditions and this is the recommendation of the
Cochrane review [4]. For this reason we took a sub-
sample of those with pre-existing health conditions to as-
sess whether those who receive housing improvements
show any signs of health improvement over the period.
It is also feasible that rather than leading to recovery
from long-term health conditions over a relatively short
period, housing improvements serve to mitigate against
the onset of poor health in a relatively deprived popula-
tion. Therefore, taking as the sample those not reporting
health conditions at first interview, we predict the odds
ratios for reporting that condition at second interview
according to receipt or not of housing improvements. In
studies reviewed by Thomson et al. [4] the follow-up
interval was often one year or less, with the longest time
post intervention being 3.5 years in a study by Shortt
and Rugkåsa [11], however we interview householders
up to 5 years after the intervention.
The aim of this paper therefore, is to establish whether
specific housing improvements are related to the ameli-
oration or onset of certain self reported health condi-
tions, based on the conceptual framework of causal
pathways outlined below.
Health risk factors and housing conditions: conceptual
framework
In this section we identify which housing improvements
are likely to affect particular causes of ill-health so as to
conceptualise which housing improvements might im-
pact each health condition and present evidence from
past studies, where available. Table 1 summaries the
theorised pathways between housing improvements and
health conditions (arrow denotes direction of relation-
ships) based on housing-related risk factors for each
health condition, which are discussed in turn below.
Respiratory conditions
Our measure of respiratory conditions includes breath-
ing problems, asthma or bronchitis. The main housing-
related risk factors for these conditions are damp and
mould [12–15], cold homes, pollutants, infestations and
overcrowding. Damp and mould are associated with re-
spiratory problems and asthma, whilst indoor pollut-
ants and infestations can trigger asthma [3]. Living in
cold homes can diminish resistance to respiratory infec-
tions and overcrowding increases the risk of respiratory
disease through contagion [3]. We hypothesise that cen-
tral heating and fabric works, as warmth interventions,
will be related to respiratory conditions by improving
warmth and reducing damp and mould. Overcrowding
may be reduced through central heating improvements by
expanding the usable space in the house given improved
warmth. Furthermore we assume that new kitchens and
bathrooms may eliminate problems of mould and infesta-
tions so we also test this relationship.
Previous studies have generally found improvements
against a wide range of respiratory outcomes [5, 11, 16–20]
related to warmth and energy efficiency works, particularly
when targeted at households with inadequate warmth and
where at least one member had a pre-existing respiratory
condition. Platt et al. [19] and Shortt and Rugkåsa [11] re-
port both positive and negative outcomes. Woodfine et al.
[20] found non-significant, improvements in asthma fol-
lowing central heating. Braubach et al. [21] found a small
reduction in the proportion reporting common cold and
bronchitis, but no effect on asthma. Hopton [22] found
fewer reports of persistent cough or runny nose, but higher
reports of wheezing. Somerville [23] reports improvements
for cough, wheeze, and blocked nose and Iverson et al. [24]
found reduced reports of dry throats. Conversely, in studies
of retrofitting or neighbourhood renewal, Kearns et al. [25]
found a non-significant negative impact on wheezing,
Ambrose [26] found negative impacts on coughs, colds,
bronchial conditions and Blackman et al. [27] reported a
negative effect on acute and chronic respiratory conditions.
Circulatory conditions
We define circulatory conditions as relating to the heart,
high blood pressure or blood circulation problems. The
main housing related risk factor for these conditions is a
cold home which is associated with heart disease, heart
attacks and strokes [3]. We therefore hypothesise central
heating and fabric works as warmth interventions might
affect circulatory health conditions.
Two studies have found positive effects on circulatory
health, both from Scotland. Lloyd et al. [28] found a
statistically significant reduction in blood pressure
among a sample of 26 residents, related to a compre-
hensive warmth intervention consisting of “double
skinning walls…insulation, draught proofing, double
glazing, gas central heating, solar panels, dual-purpose
heat recovery system and inclusion of front and back
verandas within the internal living area of the flat”.
Walker et al. [29] found a lower probability of report-
ing a new diagnosis of heart condition among those
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who had heating compared with those who did not,
however they also reported a non-significant negative
effect on circulation problems.
Digestive conditions
Digestive conditions refer to stomach, liver, kidney and di-
gestive problems. The main risk factors for such conditions
relate to diet, including diet-related high blood pressure
and unhealthy diets. The relationship between housing
conditions here are less clear, but we hypothesise that new
kitchens, also free of mould, may encourage more home
cooking and healthier diets so therefore test the effect of
new kitchens on digestive health. The existing evidence in
terms of digestive health is sparse: Howden-Chapman et al.
[17] report reduced likelihood of diarrhoea and vomiting
in children following warmth interventions. Kearns et al.
[25] report no difference post intervention for indigestion
whereas Molnar et al. [30] found reductions in reported
dietary and digestive problems.
Skin conditions and allergies
The main housing risk factors for skin conditions and aller-
gies are dust mites [31], damp and mould [12, 13], infesta-
tions, soft furnishings, cleaning, and temperature and
humidity. We hypothesise that central heating, fabric
works and kitchens and bathrooms affect damp and mould
as well as temperature and humidity. Furthermore, new
kitchens and bathrooms, which in the Glasgow case usually
include new linoleum flooring, may help any problems re-
lated to infestations, dust-mites and cleaning. Few studies
report effects on skin or allergy conditions, but those that
do have found negative results. Kearns et al. [25] found
higher reports of eczema in children following improved
housing circumstances and Walker et al. [29] found a
negative impact of central heating on nasal allergies.
Migraines and headaches
The main risk factors for migraines or frequent headaches
are stress, anxiety, depression, missed meals and certain
foods and drinks. Stress has been related to overcrowding
Table 1 Pathways from housing improvements to health conditions
Health condition Housing risk factors Associated housing conditions Relevant housing improvements
Respiratory health Damp and mould. Thermal efficiency Fabric works
Cold. Weatherproofing Central heating
Overcrowding Ventilation Kitchens & bathrooms
Circulatory conditions Cold. Thermal efficiency Fabric works.
Heating affordability and functioning. Central heating.
Digestive health High-blood pressure. Standard of food storage, preparation
and cooking facilities.
Kitchens and bathrooms.
Unhealthy diet.
Allergies & skin conditions Dust mites. Thermal efficiency Fabric works
Damp and mould. Weatherproofing Central heating
Infestations. Heating affordability and functioning. Kitchens & bathrooms
Soft furnishings.
Cleaning. Quality of work and floor surfaces.
Temperature and humidity.
Headaches and migraines Stress. External quality and appearance. Fabric works
Anxiety. Central heating
Depression. Damp and mould Kitchens and bathrooms
Fuel poverty
Overcrowding New front door
Concerns about crime and antisocial behaviour
Mental health Stress. External quality and appearance. Fabric works
Anxiety. Central heating
Depression. Damp and mould Kitchens and bathrooms
Fuel poverty
Overcrowding New front door
Concerns about crime and antisocial behaviour
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and depression to damp housing conditions. Given the
potential for central heating and fabric works to reduce
damp and increase the usable space in the house through
improved warmth we test the relationships between
these improvements and headache conditions. Improve-
ment in energy efficiency through warmth interventions
should also reduce fuel poverty, which may also have a
positive impact on stress, anxiety and depression. New
kitchens and bathrooms can help to reduce the incidence
of mould, which is a cause of depression. New front doors
are seen as a security improvement which may reduce
anxiety about crime and antisocial behaviour, particularly
in deprived areas. There is limited evidence relating to mi-
graines or headaches, although Kearns et al. [25] found no
differences post intervention.
Mental health conditions
We use mental health conditions to refer to long term
stress, anxiety or depression.
As described above relating to headaches, we hypothesise
that central heating, fabric works, kitchens and bathrooms
and new front doors will be related to mental health condi-
tions. Central heating and fabric works may impact upon
mental health through their contribution to reducing the en-
ergy inefficiency of housing, which affects mental health via
the impacts of thermal discomfort [32] and condensation,
damp and mould [33]. Energy efficiency improvements
through warmth interventions may also have a positive im-
pact on mental health by reducing stress anxiety and depres-
sion as a result of fuel poverty; reduction in financial stress
has been identified as the most common cause of mental
health improvements following energy efficiency works [34].
New kitchens and bathrooms may reduce depression if they
eradicate mould, and may also enhance self-esteem where
the occupants are given a choice of finishings in order to
make the improvements their own.
The majority of studies examining mental health out-
comes related to housing improvements have used scale
measures of mental health [25, 35, 36]. As outlined above,
we have examined this previously [10] and found positive
associations with fabric works, but in this paper focus on
self reported mental health. Howden-Chapman et al. [5]
find better mental health on four measures (SF-12 do-
mains). Woodfine et al. [20] (PedsQL in children) and
Barton et al. [16] (GHQ) find a mix of non-statistically
significant results. Wells [37] reports a statistically signifi-
cant improvement in mental health. Allen [38] found im-
proved mental health based on the SF-36 and measures of
anxiety. Conversely Ambrose [26] and Blackman et al.
[27] report increased stress or depression or mental health
issues after housing improvements. Thomas et al. [39]
found higher levels of mental distress among the interven-
tion group both before and after the receipt of housing
improvements, positing that the former may be due to the
effects of living in a house needing improvement, and the
latter to disruption caused by the improvement works.
Methods
Survey data
Our analysis draws upon three waves of a household sur-
vey undertaken as part of the GoWell project in Glasgow.
We combined the waves into two time periods, T1 and T2
to conduct a before and after intervention study of the ef-
fects of specific housing interventions on self-reported
health conditions as shown in Fig. 1.
Fig. 1 Sample construction. Note: Italics refer to longitudinal cases. Bold and italic are those matched to housing improvement database. Thin (blue)
lines indicate the longitudinal subset from which we derive the T1-T2 sample. For example, T2 cases consist of 583 out of 1050 W1-W2 cases and 1350
cases derived either from W1-W3 (1,011) or W2-W3 (1,179)
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Household surveys were conducted in 2006 (Wave 1),
2008 (Wave 2) and 2011 (Wave 3) using a repeat cross-
sectional design with a nested longitudinal cohort. Ran-
dom samples of addresses across all housing tenures were
selected for interview across fifteen study areas in Waves
1 and 2. At Wave 3 all previous addresses where an inter-
view had been conducted were selected for the sample. In
six areas where extensive demolition was taking place, all
occupied dwellings were selected for interview at each
wave, in other areas the overall sample frame was 30 % of
all existing addresses at Wave 3, although this varies by
study area. The surveys achieved response rates of 50.3 %,
47.5 % and 45.4 %, respectively. Retrospective matching of
names and addresses was used to identify the longitudinal
cases embedded in the surveys, where we had interviewed
the same householder in the same dwelling on more than
one occasion.
We matched survey data to GHA’s records of all works
to properties since 2003, along with the dates of comple-
tion. The database covers predominantly GHA social
rented housing, but also includes owner occupied dwell-
ings within GHA buildings (15.3 % at T1). Through this
process, we derived a matched, longitudinal sample of
1933 cases, comprising 9.5 % of all GHA households in
our study areas. Figure 1 shows the embedded longitu-
dinal cohort and demonstrates how we constructed the
sub-samples for analysis in this paper.
Health outcomes
We examine differences in self reported health conditions
among those who did and did not have housing improve-
ments of each type between T1 and T2. The following
long term health conditions, lasting 12 months or more,
are reported by respondents at each survey wave:
 Respiratory Health (Breathing problems, asthma,
bronchitis)
 Circulatory Health (Heart, high blood pressure,
blood circulation problems)
 Digestive Health (Stomach, liver, kidney, digestive
problems)
 Long Term Migraine/Headache Condition (Migraine
or frequent headaches)
 Long term skin conditions/allergies (Skin conditions/
allergies)
 Mental Health (Stress, anxiety or depression)
Housing improvement data
GHA record housing improvements in the following cat-
egories: Central Heating, Front Doors, Windows, Envir-
onmental, Fabric Works, Internal Common Works, Lift
Replacement and Kitchen, Bathroom & Rewiring. Four
of these had a high enough rate of provision among our
survey respondents to warrant further analyses: kitchen,
bathroom and rewiring; central heating; front doors; and
fabric works. Brief synopses of these works are given in
Table 2. Kitchen, bathroom and rewiring consists of fully
refitted bathrooms and kitchens, including equipment,
cupboards, tiling and flooring, plus renewal of all wiring
in properties. These can be seen as quality, aesthetic and
safety improvements to the home. The occupants have
choice about finishings on floors, wooden surrounds,
cupboards and tiling. Central heating involves installing
or upgrading existing central heating systems, as well as
boiler and hot water tank replacement. The type of heat-
ing system varied between property types. All properties
had existing full or partial heating systems so the results
in this paper relate to improvement of systems rather
than provision of heating where it did not previously
exist. New front doors were to police-approved ‘secured by
design’ standards and are viewed primarily as a security im-
provement, although may also be a warmth improvement
if installed as a package of works. Fabric works include a
range of external improvements including insulation, clad-
ding, roof renewal and balcony repairs. Fabric works are
therefore both aesthetic and warmth improvements.
For each respondent-occupied dwelling, we attached
to our survey data information on the type of housing
improvement(s) received and date of completion of the
works. Table 2 shows the proportion of matched longitu-
dinal respondents who had each type of housing im-
provement between the two interviews. Different types
Table 2 Number (%) of respondents experiencing housing improvements
Housing improvement Description Number (%) receiving improvement
New kitchen, bathroom & rewiring New kitchen and bathroom equipment. Tiling.
Cupboards. Linoleum flooring.
706 (35.7 %)
Customer choice of finishings.
Central Heating Boiler replacement. New central heating system.
New water tank.
374 (18.9 %)
Doors New ‘secured by design’ front doors. 483 (24.4 %)
Fabric Works New roof covering. Over-cladding (high-rise).
Wall and roof insulation. Rendering or repointing
to walls. New gutters and downpipes.
575 (29.1 %)
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of works to the same property may be done at different
times, not as part of a single improvement package of
works.
Analyses
For the purpose of this analysis we combine three waves
of survey data into T1 (before) and T2 (after) as shown
in Fig. 1. We have three ‘wave pairings; Wave 1- Wave
2, Wave 2 – Wave 3, and Wave 1 – Wave 3, which are
re-coded into T1 and T2.
We undertake analysis in two stages. Firstly we focus on
those with each of the pre-existing health conditions at
T1. To examine the curative or ameliorative effect of
housing improvements, we use binary logistic regression
to calculate the odds ratio of respondents having the same
health condition at T2, dependent on whether or not they
experienced each type of housing improvement associated
with the health condition (see Table 1) between interviews.
For this analysis, we do not have sufficient cases of re-
spondents with allergies or skin conditions at T1 to inves-
tigate intervention effects. Nor are there enough cases of
respondents with headaches or mental health problems
at T1 who subsequently received central heating prior
to T2. Thus, for the analysis of improving health, we in-
vestigate 12 of the 17 housing improvement pathways
identified in Table 1.
Secondly we focus on those without each of the health
conditions at T1. To examine the scope for a preventative
effect of housing improvements we use binary logistic re-
gression to calculate the odds ratios of respondents report-
ing the condition at T2, dependent on whether or not they
experienced each type of housing improvements associated
with the health condition in the intervening period (see
Table 1). For this analysis of worsening health, we are able
to investigate all 17 housing improvement pathways identi-
fied in Table 1.
We control for whether or not a respondent lives in a re-
generation area due to the potentially different nature of
housing improvements in these areas, where large scale
demolition is taking place. We also control for gender, age,
change in working status or working status at T1
(depending on sample size, in some cases models
would not estimate using change in working status so
we revert to working status at T1), educational quali-
fications and citizenship. given that health is strongly
influenced by smoking [40] we control for change in
smoking status or smoking status at T1 (depending
on sample size, in some cases models would not esti-
mate using change in smoking status so we revert to
smoking status at T1). Given that the sample is con-
structed from three waves of survey data we also con-
trol for the wave pairing, due to both differing time
intervals and potential contextual effects. However,
for mental health we only include Wave 2 – Wave 3
cases as the survey question changed after Wave 1,
so we do not include this control in the mental
health models. In the preventative analyses we control
for the number of long term health conditions re-
ported at T1, so as to adjust for cases of co-
morbidity.
We checked for multicollinearity among the explana-
tory variables firstly using Spearman correlation and
then using OLS regression and checking the VIF and tol-
erance levels. There were no causes for concern. Ana-
lyses were undertaken using IBM SPSSv22.
Ethical approval
The NHS Scotland multicentre research ethics commit-
tee approved the study in January 2006.
Results
Table 3 shows the number of respondents reporting each
health condition and mean number of health conditions
at T1 and T2 as well as the numbers who recover from or
develop conditions over time, based on reporting of con-
ditions at each time point.
For all health conditions, a greater proportion of all re-
spondents report problems at T2 than at T1. More
people report developing a condition rather than recov-
ering from a health condition over time. The rate of
Table 3 Number (%) of respondents reporting health conditions and mean number of conditions
T1 T2 Recovered from condition
(as % of those with condition at T1)
Developed condition (as % of
those without condition at T1)
Respiratory 256 (13.%) 371 (19 %) 126 (49 %) 242 (12 %)
Circulatory 323 (16 %) 443 (23 %) 170 (53 %) 291 (15 %)
Digestive 85 (4 %) 160 (8.%) 65 (77 %) 140 (7 %)
Migraine/headache 122 (6 %) 189 (9 %) 96 (79 %) 160 (8 %)
Skin/allergies 30 (2 %) 135 (6 %) 20 (66 %) 125 (6 %)
Mental health 93 (14 %) 137 (21 %) 42 (45 %) 86 (15 %)
Number of LT health conditions (mean) 0.42 (0.75) 0.67 (0.97) 281 (44.7 %)a 564 (28.6 %)b
aDecreased number as a proportion of those who had one or more conditions at T1
bIncreased number as a proportion of those who had less than 6 conditions at T1
Curl and Kearns BMC Public Health  (2015) 15:1191 Page 6 of 14
recovery is greater than the rate of developing a condi-
tion, due to the different denominator population in
each case. The mean number of health conditions re-
ported across the sample has also increased, from 0.42
conditions per respondent at T1 to 0.67 at T2, with
more people reporting an increased number of health
conditions than a decrease. We have previously reported
the growing problem of co-morbidity across our study
groups [41].
Recovery from health conditions
Table 3 shows that between T1 and T2 between 45 % and
79 % of those who reported a long term health condition
at T1 did not report it at T2. We tested the effect of spe-
cific housing improvements on reporting of health condi-
tions for those who had reported long term health
conditions at T1, based on the hypothesised relationships
outlined in Table 1.
We test twelve combinations and find two significant rela-
tionships between housing improvements and improved
health conditions (Tables 4 and 5). Those who had central
heating are more likely (OR= 2.63) to have recovered from
circulatory conditions between interviews than those who
did not have central heating improvements. This is expected
based on our conceptual framework as central heating is a
warmth improvement and warmth is a key risk factor
associated with circulatory health conditions. Although
not reaching statistical significance, the effect of fabric
works on circulatory health conditions operated in a
similar curative direction (OR = 1.60).
We also found that those who had fabric works were
more likely,to not report mental health problems at T2
which they had previously reported (OR = 3.55), than
those who did not have fabric works. This is concurrent
with our hypothesised relationship in Table 1 whereby we
expect a positive relationship between fabric works and
mental health due to improved external appearance of the
home, which may affect how residents perceive their
home and themselves in status terms. Apart from the
housing improvements, the only other factor found to be
associated with improved health over time, was being aged
over 65 at T1, which increased the odds ratio of recover-
ing from three of the health conditions over time: respira-
tory health; circulatory conditions; and mental health.
Prevention of the onset of health conditions
We test 17 combinations and do not find any significant re-
lationships between housing improvements and the onset
of health conditions between interviews (Tables 6 and 7).
The main factors affecting onset of health conditions in our
models are employment and pre-existing health conditions.
In the case of four of the health conditions – respiratory
Table 4 Curative effects: odds ratios (95 % CI) of not reporting health condition at T2, when it was reported at T1 (recovering from
condition)
Respiratory Circulatory Digestive
Fabric works Central heating Kitchen, bathroom
& rewiring
Fabric works Central heating Kitchen, bathroom
& rewiring
Intervention 0.95 (0.46,1.95) 0.81 (0.35,1.9) 0.69 (0.34,1.39) 1.60 (0.85,2.98) 2.63 (1.17,5.92)* 0.33 (0.07,1.48)
Change in smoking
behaviour (ref: non-smoker)
smoker 0.99 (0.49,2.02) 0.86 (0.38,1.95) 0.75 (0.39,1.42) 1.21 (0.63,2.32) 0.84 (0.38,1.86) 3.3 (0.77,14.17)
stopped smoking 1.15 (0.32,4.11) 1.63 (0.39,6.7) 1.09 (0.36,3.34) 0.86 (0.28,2.67) 2 (0.6,6.72) 3.46 (0.45,26.49)
started smoking 1.18 (0.27,5.16) 0.54 (0.09,3.43) 1.12 (0.3,4.16) 3.01 (0.52,17.58) 1.39 (0.29,6.75) 1.35 (0.07,24.62)
Demolition Area 1.21 (0.51,2.86) 0.87 (0.31,2.44) 1.01 (0.43,2.34) 1.8 (0.88,3.71) 1.44 (0.55,3.74) 1.08 (0.17,6.62)
Female (ref: male) 0.85 (0.44,1.64) 0.75 (0.35,1.61) 0.67 (0.37,1.2) 0.88 (0.5,1.56) 0.65 (0.34,1.27) 2.16 (0.56,8.33)
Over 65 (T1) 2.5 (1.21,5.18)* 1.49 (0.65,3.41) 1.46 (0.75,2.84) 2.15 (1.16,4)* 1.61 (0.76,3.42) 2.98 (0.6,14.67)
Not working (T1) 0.25 (0.05,1.39) 0.23 (0.04,1.35) 0.45 (0.12,1.71) 0.32 (0.09,1.12) 0.39 (0.09,1.68) 1.13 (0.15,8.71)
Educational quals (ref:none) (T1) 0.92 (0.38,2.25) 0.63 (0.2,2.02) 0.84 (0.36,1.99) 0.84 (0.37,1.92) 1.54 (0.58,4.13) 0.88 (0.13,6.18)
British (ref:not british) (T1) 0.75 (0.11,5.28) 2 (0.14,27.66) 1.02 (0.23,4.63) 5.23 (1,27.23)* 2.12 (0.46,9.77) 0.21 (0.02,2.8)
Wave pairing
(ref: Wave 1- Wave 2)
Wave 1 - Wave 3 1.14 (0.45,2.88) 0.82 (0.31,2.17) 1.18 (0.53,2.62) 0.42 (0.19,0.89)* 0.46 (0.2,1.05) 0.35 (0.06,2.17)
Wave 2 -Wave 3 0.76 (0.33,1.77) 0.48 (0.16,1.42) 0.7 (0.31,1.57) 0.55 (0.25,1.2) 0.42 (0.15,1.12) 1.24 (0.18,8.7)
Constant 2.52 2.35 1.71 5.94 3.98 2.22
Nagelkerke R2 0.087 0.083 0.07 0.145 0.191 0.231
n 173 132 208 232 173 72
*p<0.05; **P<0.01
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health, circulatory conditions, allergies and mental health -
those remaining in employment are less likely to develop
health conditions (typically OR= 0.16–0.35).. In relation to
respiratory health, circulatory health and headaches/mi-
graine, the number of pre existing health conditions is
positively associated with the likelihood of developing con-
ditions over time in most of the models (OR = 1.47–2.05)
In the respiratory health models, continuing smokers are
more likely to develop respiratory health conditions over
time (OR = 1.59–1.72). Again, we found that being aged
over 65 at T1 was associated with a lower odds ratio of de-
veloping three of the health conditions over time: allergies
or skin conditions; headaches/migraines; and mental health
problems. Being older was however, associated with a
higher likelihood of developing a circulatory condition over
time.
The effect of survey wave is significant in several of the on-
set of health conditions models. This could be because where
there was a longer time between interviews, as is the case for
Wave 1 to Wave 3 (5 years) and Wave 2 to Wave 3 (3 years)
relative to Wave 1 to Wave 2 (2 years) individuals are more
likely to develop conditions than over a shorter time period.
Alternatively it might reflect a general worsening of the
health of the population over time so that in 2011 (Wave
2–3 and Wave 1–3) respondents are more likely to report
health conditions that those reported in 2008 (Wave 1–2).
This would concur with our general observation of wors-
ening morbidity over time in our study group.
Discussion
We have examined self-reported health conditions before
and after four types of housing improvements. One of the
main contributions of our work is to examine these condi-
tions alongside disaggregating the package of housing works
into specific types of improvement; many previous studies
consider all housing improvement works together, either as a
‘retrofit’ or as a warmth intervention Given long established
links between poor housing quality and health problems it
can be expected that improvements to housing may lead to
improvements in health. However, the evidence directly link-
ing housing improvements to health improvement is limited
and somewhat contradictory, in part due to the difficulties in
undertaking longitudinal studies both before and after hous-
ing improvements, and with a sufficient follow-up interval. If
poor housing is a causal factor for health conditions, then it
can be expected that as well as potentially ameliorating exist-
ing health conditions (consistent with previous research that
has found that housing improvements have a more notice-
able effect when targeted at those in ill-health) improve-
ments to housing conditions may also mitigate against
developing poor health conditions.
Table 5 Curative effects: odds ratios (95 % CI) of not reporting health condition at T2, when it was reported at T1 (recovering from
condition)
Headache Mental health
Fabric works Doors Kitchen, bathroom
& rewiring
Fabric works Doors Kitchen, bathroom
& rewiring
Intervention 1.47 (0.36,5.97) 0.37 (0.04,3.98) 0.19 (0.04,1.03) 3.55 (1.03,12.23)* 2.35 (0.77,7.15) 1.88 (0.97,3.62)
Change in smoking behaviour
(ref: non-smoker)
0.38 (0.11,1.36) 2.52 (0.78,8.14) 1.41 (0.67,2.95)
smoker 0.23 (0.06,0.84)* 0.07 (0.01,0.57)* 0.28 (0.08,0.96)*
stopped smoking 0.83 (0.03,23.7) 0.1 (0,10.34) 0.36 (0.01,12.07)
started smoking 0.61 (0.03,13.87) 0.04 (0,1.9) 0.49 (0.03,8.58)
Demolition Area 0.47 (0.11,1.97) 0.61 (0.08,4.55) 0.15 (0.02,0.96)* 1.76 (0.46,6.75) 0.32 (0.1,1.01) 0.17 (0.06,0.46)**
Female (ref: male) 0.91 (0.25,3.39) 2.22 (0.37,13.12) 0.65 (0.2,2.12) 1.42 (0.41,4.92) 0.98 (0.34,2.84) 0 (0,0)*
Over 65 (T1) 2.15 (0.46,10.09) 4.62 (0.44,49.07) 1.92 (0.42,8.73) 10.27 (0.83,126.58) 2.2 (0.47,10.28) 0.32 (0.12,0.82)*
Not working (T1) 3.4 (0.42,27.8) 10.3 (0.6,177.65) 7.01 (0.83,58.96) 0.21 (0.01,3.12) 5.11 (0.42,62.65) 0.26 (0.06,1.17)
Educational quals (ref:none) (T1) 0.87 (0.18,4.17) 4.33 (0.25,74.53) 1.64 (0.34,7.99) 1.16 (0.33,4.04) 0.78 (0.18,3.44) 0.45 (0.14,1.44)
British (ref:not british) (T1) 2.54 (0.23,28.09) 1.74 (0.07,44.92) 4.33 (0.37,50.3) 1.01 (0.1,9.75) 2.42 (0.11,52.82) 1.28 (0.64,2.53)
Wave pairing (ref: Wave 1- Wave 2)
Wave 1 - Wave 3 0.16 (0.02,1.24) 0.52 (0.06,4.2) 0.37 (0.08,1.77)
Wave 2 -Wave 3 0.23 (0.03,1.61) 0.52 (0.04,7.07) 0.35 (0.07,1.8)
Constant 4.94 2.58 3.06 11.87 0.44 0.72
Nagelkerke R2 0.228 0.388 0.285 0.254 0.227 0.282
n 80 53 98 64 19 65
*p<0.05; **P<0.01
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We therefore examined health conditions before and after
housing improvements both for those with pre-existing
health conditions and those without pre-existing health con-
ditions, compared to those with the same health status but
who did not experience housing improvements in the same
time period. This seems worthwhile given that housing im-
provements might work in one of two ways, as curative or
preventive, and appropriate to our study population which
has high and rising rates of morbidity [9]. It is also to our
knowledge the first time a housing intervention study has ex-
amined the treatment group in this way.
In general, we find more indications of the curative effects
of housing improvements than of their preventative effects.
We hypothesised 17 pathways between the four housing
improvements and six health conditions based on existing
knowledge of housing-related risk factors for the conditions
in question (see Table 1). In our first set of analyses, we
found evidence in support of three of these pathways: two
warmth interventions – fabric works and central heating –
were associated with a higher likelihood of recovery from
circulatory conditions; fabric works were also associated
with a higher likelihood of recovery from a mental health
condition (anxiety, stress or depression). The first of these
findings is in accord with previous studies and adds to a
sparse evidence base. The Cochrane Review found only two
studies that reported the effects of warmth interventions on
circulatory conditions, both reporting beneficial effects: one
of these reported a beneficial, curative effect on blood
Table 6 Preventative effects: odds ratios (95 % CI) of reporting health condition at T2, when it was not reported at T1 (developing
condition)
Respiratory Circulatory Digestive
Fabric works Central heating Kitchen, bathroom
& rewiring
Fabric works Central
heating
Kitchen, bathroom
& rewiring
Intervention 1.2 (0.84,1.72) 1.25 (0.82,1.91) 1 (0.69,1.44) 1.19 (0.85,1.68) 1.02 (0.69,1.53) 1.05 (0.65,1.69)
Change in smoking behaviour
(ref: non-smoker)
smoker 1.72
(1.17,2.53)**
1.31 (0.85,2) 1.59 (1.11,2.26)* 0.62
(0.42,0.91)*
0.7 (0.47,1.04) 1.5 (0.95,2.39)
stopped smoking 1.8 (0.96,3.37) 1.43 (0.72,2.84) 1.37 (0.74,2.54) 1.25 (0.7,2.22) 1.07 (0.56,2.06) 1.56 (0.72,3.38)
started smoking 1.33 (0.61,2.92) 1.22 (0.53,2.83) 1.01 (0.47,2.16) 0.67 (0.32,1.41) 0.72 (0.31,1.66) 1.27 (0.51,3.18)
Demolition Area 1.37 (0.93,2.03) 1.07 (0.63,1.8) 1.27 (0.84,1.92) 0.68 (0.45,1.02) 0.98 (0.6,1.6) 1.33 (0.77,2.28)
Female (ref: male) 0.95 (0.67,1.34) 0.85 (0.59,1.24) 0.78 (0.57,1.06) 0.6 (0.44,0.84)** 0.52
(0.36,0.74)**
0.88 (0.58,1.32)
Over 65 (T1) 0.97 (0.65,1.45) 0.88 (0.57,1.37) 0.95 (0.65,1.39) 1.32 (0.92,1.91) 1.12 (0.75,1.67) 0.67 (0.4,1.1)
Change in employment status (ref: remain
in unemployment)/not working (T1)
2.22 (1.13,4.38)*
remain in employment 0.25
(0.11,0.56)**
0.35
(0.16,0.76)**
0.31 (0.16,0.62)** 0.19
(0.08,0.42)**
0.16
(0.06,0.37)**
move out of employment 0.85 (0.41,1.76) 0.65 (0.28,1.53) 0.78 (0.4,1.51) 0.57 (0.27,1.2) 0.93 (0.46,1.91)
gain employment 0.61 (0.25,1.47) 0.69 (0.3,1.62) 0.57 (0.25,1.3) 0.22
(0.07,0.72)*
0.21 (0.06,0.7)*
Educational quals (ref:none) (T1) 0.54
(0.32,0.92)*
0.58 (0.33,1.05) 0.66 (0.41,1.06) 0.72 (0.45,1.13) 0.58
(0.34,0.99)*
0.92 (0.53,1.61)
British (ref:not british) (T1) 0.53
(0.28,0.99)*
0.54 (0.25,1.14) 0.45 (0.24,0.83)* 0.62 (0.34,1.15) 0.2 (0.08,0.5)** 0.42 (0.18,0.98)*
Wave pairing (ref: Wave 1- Wave 2)
Wave 1 - Wave 3 2.58
(1.62,4.11)**
2.79
(1.72,4.52)**
2.7 (1.78,4.08)** 1.7 (1.11,2.61)* 2.39
(1.53,3.74)**
2.78 (1.56,4.97)**
Wave 2 -Wave 3 1.49 (0.91,2.45) 1.83
(1.03,3.25)*
1.5 (0.95,2.38) 1.15 (0.74,1.79) 1.71
(1.02,2.87)*
2.24 (1.22,4.12)**
Number of long term health
problems (T1)
1.57
(1.18,2.08)**
2.05
(1.48,2.83)**
1.65 (1.27,2.14)** 1.51
(1.12,2.03)**
1.07 (0.77,1.5) 1.3 (0.99,1.7)
Constant 0.07 0.07 0.07 0.07 0.05 0.03
Nagelkerke R2 0.123 0.12 0.12 0.146 0.18 0.067
n 1276 969 1400 1186 928 1517
*p<0.05; **P<0.01
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Table 7 Preventative effects: odds ratios (95 % CI) of reporting health condition at T2, when it was not reported at T1 (developing condition)
Headache Allergies Mental health
Fabric
works
Central
heating
Doors Kitchen, bathroom
& rewiring
Fabric
works
Central
heating
Kitchen, bathroom
& rewiring
Fabric
works
Central
heating
Doors Kitchen, bathroom
& rewiring
Intervention 0.99
(0.64,1.53)
0.89
(0.51,1.55)
0.87
(0.48,1.57)
0.98 (0.63,1.54) 0.85
(0.52,1.38)
0.84
(0.48,1.48)
1.22 (0.75,1.98) 0.64
(0.34,1.21)
1.01
(0.26,3.97)
0.6
(0.12,3.11)
0.76 (0.4,1.44)
Change in smoking behaviour
(ref: non-smoker)
smoker 0.72
(0.46,1.15)
0.69
(0.4,1.2)
0.75
(0.43,1.32)
0.7 (0.45,1.1) 1.15
(0.7,1.89)
0.9
(0.51,1.57)
0.95 (0.6,1.51) 1.39
(0.7,2.77)
1.1
(0.44,2.76)
1.88
(0.71,4.99)
1.26 (0.64,2.48)
stopped smoking 0.59
(0.25,1.39)
0.91
(0.39,2.1)
0.79
(0.31,2.03)
0.67 (0.31,1.44) 0.72
(0.28,1.89)
0.46
(0.13,1.56)
0.57 (0.22,1.47) 1.01
(0.3,3.36)
0.43
(0.05,3.76)
1.02 (0.3,3.43)
started smoking 0.73
(0.29,1.84)
0.96
(0.37,2.47)
0.75
(0.26,2.14)
0.81 (0.36,1.83) 1.34
(0.54,3.35)
1.76
(0.71,4.33)
1.36 (0.61,3.03) 1.21
(0.24,6.19)
1.9
(0.33,10.91)
1.46 (0.37,5.73)
Demolition Area 1.81
(1.15,2.84)*
1.53
(0.78,3.02)
2.62
(1.38,5)**
1.64 (1,2.67)* 1.62
(1,2.63)
1.51
(0.79,2.89)
1.48 (0.88,2.49) 1.41
(0.67,2.95)
2.22
(0.43,11.58)
0.56
(0.06,5.35)
1.11 (0.52,2.37)
Female (ref: male) 1.77
(1.14,2.75)*
1.52
(0.92,2.5)
1.76
(1.03,2.99)*
1.64 (1.09,2.47)* 1.06
(0.68,1.65)
0.77
(0.47,1.26)
0.93 (0.62,1.39) 1.88
(0.97,3.62)
1.65
(0.65,4.25)
1.95
(0.69,5.53)
2.35 (1.21,4.53)*
Over 65 (T1) 0.16
(0.08,0.32)**
0.19
(0.09,0.4)**
0.15
(0.07,0.34)**
0.17 (0.09,0.32)** 0.56
(0.31,1.01)
0.49
(0.27,0.91)*
0.49 (0.29,0.85)* 0.17
(0.06,0.46)**
0.21
(0.07,0.63)**
0.25
(0.06,0.98)*
0.2 (0.08,0.5)**
Change in employment status
(ref: remain in unemployment)/
not working (T1)
1.48
(0.77,2.84)
remain in employment 0.69
(0.37,1.29)
0.56
(0.26,1.22)
0.68 (0.37,1.25) 0.94
(0.48,1.84)
0.32
(0.12,0.86)*
0.6 (0.29,1.21) 0.32
(0.12,0.82)*
0.08
(0.01,0.61)*
0.17
(0.03,0.83)*
0.3 (0.12,0.78)*
move out of employment 0.21
(0.05,0.87)*
0.62
(0.21,1.82)
0.35 (0.12,1) 1.02
(0.42,2.49)
0.32
(0.08,1.38)
0.78 (0.32,1.87) 0.26
(0.06,1.17)
0.24
(0.03,2.05)
0.17
(0.02,1.45)
0.2 (0.04,0.91)*
gain employment 0.28
(0.09,0.93)*
0.36
(0.11,1.2)
0.24 (0.07,0.78)* 0.64
(0.22,1.86)
0.16
(0.02,1.18)
0.5 (0.17,1.41) 0.45
(0.14,1.44)
0.48
(0.09,2.56)
0.31
(0.03,2.82)
0.38 (0.12,1.22)
Educational quals
(ref:none) (T1)
0.87
(0.52,1.46)
0.79
(0.41,1.51)
0.82
(0.43,1.58)
0.77 (0.46,1.29) 1.22
(0.71,2.09)
1.08
(0.56,2.1)
0.95 (0.56,1.61) 1.28
(0.64,2.53)
0.97
(0.28,3.39)
1.57
(0.55,4.5)
1.22 (0.62,2.39)
British (ref:not british) (T1) 0.58
(0.31,1.1)
0.52
(0.22,1.24)
0.38
(0.15,0.98)*
0.58 (0.31,1.08) 0.93
(0.48,1.8)
0.26
(0.08,0.81)*
0.66 (0.34,1.29) 0.72
(0.3,1.75)
0.11
(0.01,1.2)
0.66 (0.27,1.58)
Wave pairing (ref: Wave
1- Wave 2)
0 (0,0)**
Wave 1 - Wave 3 1.9
(1.08,3.33)*
2.88
(1.5,5.5)**
2.49
(1.36,4.56)**
2.36 (1.4,3.96)** 1.25
(0.7,2.23)
1.42
(0.78,2.6)
1.3 (0.77,2.19)
Wave 2 -Wave 3 1.79
(1.03,3.1)*
2.54
(1.23,5.23)*
2 (0.9,4.45) 2.02 (1.18,3.46)* 0.97
(0.54,1.73)
1.1
(0.53,2.28)
1.21 (0.71,2.08)
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Table 7 Preventative effects: odds ratios (95 % CI) of reporting health condition at T2, when it was not reported at T1 (developing condition) (Continued)
Number of long term
health problems (T1)
1.6
(1.21,2.13)**
1.35
(0.95,1.91)
1.44
(1,2.08)*
1.55 (1.2,2.02)** 1.14
(0.84,1.54)
1.01
(0.72,1.41)
1.03 (0.78,1.36)
Constant 0.02 0.02 0.03 0.02 0.05 0.02 0.04 0.05 0.02 0.02 0.05
Nagelkerke R2 0.122 0.106 0.123 0.116 0.026 0.066 0.027 0.143 0.202 0.18 0.141
n 1340 1041 949 1510 1398 1087 1581 381 234 174 398
*p<0.05; **P<0.01
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pressure [28]; the other reported beneficial preventative ef-
fects on heart disease and hypertension [19] – we did not
find evidence for the preventative effect, but for a curative
effect. The second finding on the curative effect of fabric
works on mental health conditions adds to a conflicting evi-
dence base but supports our earlier findings relating to the
effect of fabric works on the SF-12 measure of mental
health [10]. Of those studies that used mental health scales
as the outcome measure, more found a positive impact of
warmth interventions [17, 38, 42] than not [16, 19]. Where
self-reported mental illness was used as the outcome, a
beneficial effect of housing warmth interventions was re-
ported, as in our study [11].
Limitations
The poor model fit in our models suggests that we do
not adequately include all factors affecting health condi-
tions and that the overall contribution of housing im-
provements is limited. Below we discuss some of the
limitations of the study.
There are several key elements which are not measured
in our study. We have no measure of the quality of homes
prior to the intervention, so the degree of housing quality
gain is not measured. This may explain why in some cases
we do not find relationships as expected. For example, in
other contexts studies have focused on the heating of
homes which had not had a heating system before; in our
case, the intervention may be the replacement of an unsat-
isfactory but nonetheless operational system, so control-
ling for the existing quality may have demonstrated an
effect only where there was substantial quality improve-
ment. We also have no measure of the severity of the
health conditions, which means that we might not have
picked up on cases where symptoms may have been allevi-
ated, but not entirely cured. Alternatively those who did
not have conditions may have developed health conditions
in both groups, but they may be less severe among the
intervention group and we would not have detected this.
Although we did ask respondents to self report whether
their conditions had improved, the response rates were too
low for analysis. The time elapsed since interventions and
the length of time living in the house prior to interven-
tions are also potentially crucial elements which we have
not considered here. Whilst we have controlled for socio-
demographic characteristics, deprived populations experi-
ence many other disruptive events in their lives over short
time periods, which can affect their health and which we
have not been able to take into account here.
There are other ways in which the analysis for a study
such as ours could be set up. Although the improve-
ments are not prioritised by individual need, it may be
that those properties eligible or programmed for each
type of improvements are those in the worst condition.
This may mean that the occupants are more susceptible
to developing health conditions or less able to recover
so that, despite housing improvements, health is no dif-
ferent among those who have received them due to liv-
ing in poorer conditions for a length of time. In order
to consider this, we would need both better measures
of housing conditions for properties receiving and not
receiving housing improvements, as well as better mea-
sures of the severity and duration of the health condi-
tions of dwelling occupants.
The small sample sizes in some cases mean that the
power of our models to find significant effects is re-
stricted. This increases our chances of a type II error, or
false negative results. In this study this applies mainly to
the small sample sizes in Tables 4 and 5, modelling the
curative effects of housing improvements. There are effect
sizes which may be considered substantive, but which are
not statistically significant and this highlights a need for
larger studies of these particular health conditions and
housing improvements. Those which might warrant fur-
ther study include: the effect of fabric works on circulatory
health and headaches; kitchen, bathroom and rewiring on
digestive conditions; and the effects of doors and new
kitchens, bathrooms and rewiring on mental health. When
looking at the preventative effects in Tables 6 and 7, the
sample sizes are larger so we would expect significant ef-
fects to be detected. Furthermore the effect sizes are
generally small so it seems less likely that we are not
finding substantive effects due to limited statistical
power. Nevertheless, some of the relationships may
warrant further investigation including: fabric works on
respiratory and circulatory conditions; central heating on
respiratory conditions and kitchen, bathroom and rewiring
on allergies. Given that we provide a conceptual basis for
each pathway examined, we have not corrected for mul-
tiple comparisons to avoid further risk of type II errors, al-
though this does increase the chance of a type I error.
It may be that different population sub-groups respond
differently to housing interventions and also that there are
both positive and negative effects of some housing inter-
ventions on health. For example, older people may suffer
negative effects of disruption from the improvement works
and women are more likely to suffer depression in damp
homes [13, 43] so may also benefit more from reduced
dampness. There is also evidence to suggest that insulation
can reduce ventilation leading to adverse health conse-
quences [44]. So both individual differences and the
counteracting effects of housing improvements may be
masked by our current approach to analysis and more
detailed analysis of subgroups in future research may
highlight different relationships.
Our study is a form of natural experiment with a com-
plex intervention [45] , where we are studying interven-
tions without any control over the pattern of provision.
Whilst it is advantageous to use natural experiments to
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look at public health interventions [46] there are also
weaknesses. In this case, the combination of interven-
tions (housing improvement works) is non-random in
ways we do not fully understand; historic practices of hous-
ing allocations and property maintenance may mean that
certain types of people receive certain combinations of
works at this time, while others do not, thus compromising
our ability to test their potential effects on the general
population. On the other hand, the fact that we can know
more about the distinct nature and combinations of hous-
ing improvement works is an advantage over many other
studies, where housing improvements are largely unknown
in character or crudely lumped together as ‘warmth’ or
‘retrofitting’ works [4].
It could be argued that we cannot expect to see changes
in an individual’s health, attributed to housing improve-
ments, over relatively short timescales, given they may
have been living in poor housing with poor health for a
considerable amount of time, despite our period of study
being longer than many. Evidence suggests that childhood
housing conditions can affect health in adults, regardless
of the current housing situation [3]. On this basis, we
could call into question the assumption that we might be
able to attribute changes in an individual’s health to hous-
ing improvements over short time periods, and instead
argue that the purpose of housing improvements is to re-
duce the prevalence of health conditions at a population
level in the long-term. Therefore, although controlled ex-
perimental design is usually heralded as being more robust
for evaluating the effects of interventions on health out-
comes, this may not be true when the expected benefits
are at the population level rather than being an immediate
cure for an individual health problem.
Conclusion
In many other studies, it is not always clear whether
the effect of the housing intervention is curative or pre-
ventive, as all that is usually reported are the compara-
tive health statuses post-intervention, unless a study is
focused only on those with a health particular condi-
tion, which is sometimes the case. The fact that we
found evidence for some curative effects of housing im-
provements, but no evidence for their preventative ef-
fects is therefore important as it indicates which of
these types of impact is the more likely, at least for a
deprived and relatively unhealthy population group. It
also provides support for two of the main conclusions
of the recent Cochrane review of housing improve-
ments and health, namely that health gain is most likely
where housing improvements are targeted at those in
most need, and that short term health impacts from
improvement programmes delivered across an entire
area (as is the case in Glasgow) are less clear [4].
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